Chalcogenide-based phase change materials (PCMs) materials are alloys with distinct contrast in optical and electrical properties in the amorphous and crystalline phases that make them valuable for optical and resistivity-based solid-state memory devices [1] . It is possible to switch between the amorphous and crystalline phases in nanoseconds at high temperature, but the amorphous phases may also be stable against crystallization at device operating temperatures for years. Relative to other glass forming materials, PCMs may be considered marginal glass formers. The crystallization kinetics of PCMs are important as they impact recording speed and long-term stability, but even basic quantities, such as crystal growth rates as a function of temperature are difficult to measure experimentally. Growth rates may span >9 orders of magnitude between solid-state low temperature growth (that can affect long termstability) and the peak growth rate [2, 3] . However, such measurements may lead to a fundamentally better understanding of the crystallization kinetics of these and other marginal glass formers.
Chalcogenide-based phase change materials (PCMs) materials are alloys with distinct contrast in optical and electrical properties in the amorphous and crystalline phases that make them valuable for optical and resistivity-based solid-state memory devices [1] . It is possible to switch between the amorphous and crystalline phases in nanoseconds at high temperature, but the amorphous phases may also be stable against crystallization at device operating temperatures for years. Relative to other glass forming materials, PCMs may be considered marginal glass formers. The crystallization kinetics of PCMs are important as they impact recording speed and long-term stability, but even basic quantities, such as crystal growth rates as a function of temperature are difficult to measure experimentally. Growth rates may span >9 orders of magnitude between solid-state low temperature growth (that can affect long termstability) and the peak growth rate [2, 3] . However, such measurements may lead to a fundamentally better understanding of the crystallization kinetics of these and other marginal glass formers.
Ag-In-Sb-Te alloys have been used for memory devices [1] and have been widely studied, including efforts to map the crystal growth rate over large temperature ranges [4] . We measured the crystallization kinetics of 30-nm amorphous thin films with a nominal composition of Ag3In4Sb74Te17 using complementary in situ microscopy techniques in order to cover a broad temperature range. At low temperatures, growth was measured using optical microscopy. At intermediate temperatures, a TEM heating holder with a MEMS-based chip with biasing and heating configurations was used for heating in a JEOL JEM-2100 and images were recorded using Direct Electron DE-12 camera with acquisition rates of 20-30 fps (Figure 1) . At high temperatures, growth rates were measured with dynamic transmission electron microscopy (DTEM), a photo-emission electron microscopy technique with nanosecond-scale time resolution. Crystallization was induced with a laser directed onto the specimen in the TEM column. Nine-frame movies of crystal growth were taken over a periods of a few microseconds, e.g. Figure 2 . Using this variety of in situ imaging techniques, the crystallization kinetics of this Ag-In-Sb-Te alloy will be mapped more completely as a function of temperature. This methodology will lead to a more comprehensive understanding of the crystallization kinetics in technologically-important marginal glass formers [3, 5] . 
